The essential oil of C. oblongifolius Roxb. stem bark was obtained by hydrodistillation. Chemical analysis by GC-MS identified 29 compounds. Terpinen-4-ol (17.8%) was a major component, together with α-guaiene (7.9%), E-caryophyllene (7.0%), myrcene (6.7%), (+)-cyclosativene (5.1%), sabinene (4.8%), aciphyllene (4.7%), pogostol (4.6%), -terpinene (3.4%), α-muurolol (3.2%) and germecrene D (3.2%). The essential oil exhibited antibacterial activity against Propionibacterium acnes ATCC 6919 with an MIC of 0.125%, v/v.
Croton oblongifolius Roxb. (synonym C. roxburghii N.P. Balakr.), family Euphorbiaceae, is called "Plao Yai" in Thai. It is a tree, approximately 8 m. high, found in many parts of Thailand and in other Asian countries. The stems and roots of this plant are used together with C. stellatopillosus Ohba in folk medicine to improve blood circulation, purgation and as an emmenagogue in Thailand [1] . In previous phytochemical investigations of the crude extract of C. oblongifolius, many compounds such as sesquiterpenes and diterpenes were extracted, but there was no report about the essential oil analysis [2] . There are many reports of essential oil containing species of Croton from different geographical regions. They reveal a wide range of biological activities such as antileishmanial, antimicrobial, anticancer, anti-inflammatory and antioxidant. The major components of essential oils from Croton species are monoterpenes, sesquiterpenes, and phenylpropanoids [3] .
Our research group is interested in the biological screening of essential oils from Thai medicinal plants. One of our studies involves the search for antibacterial effects of these oil extracts against Propionibacterium acnes (P. acnes), a Gram-positive anaerobic bacterium causing acne in humans. Acne is a skin disease commonly found in teenagers or adults, which is caused by a combination of factors such as hormone imbalance, bacterial infection, and excessive sebum production [4] . It can decrease selfesteem and disturb a person's quality of life. There are OTC products containing essential oil to treat acne in the market. Tea tree oil or Melaleuca oil is a well-known essential oil of anti-acne products that can reduce the number of lesions in mild to moderate acne [5] . It is interesting to find another choice of essential oil that may increase anti-acne activity more than tea tree oil.
This study aimed to analyze the chemical components and antibacterial activity against P. acnes ATCC 6919 of the essential oil of C. oblongifolius stem bark from Thailand; this has not been reported before. The essential oil of C. oblongifolius stem bark was obtained by hydrodistillation in 0.9%, v/w, yield of the fresh plant material; the oil had a pale yellow color and characteristic smell. The GC-MS results (Table 1) reveal that the major component of the oil was the oxygenated monoterpene, terpinen-4-ol (17.8%). *KI = Kovats gas chromatographic retention indices of the peaks on the HP-5MS column.
Other dominant compounds were the sesquiterpenes α-guaiene (7.9%), E-caryophyllene (7.0%), (+)-cyclosativene (5.1%), aciphyllene (4.7%), and germacrene D (3.2%); the monoterpenes myrcene (6.7%), sabinene (4.8%), and -terpinene (3.4%); and the oxygenated sesquiterpenes pogostol (4.6%) and α-muurolol (3.2%). The essential oil of C. oblongifolius and tea tree (positive control) showed antibacterial activities against P. acnes ATCC 6919 with MICs of 0.125%, v/v, and 0.25%, v/v, respectively. This is the first report of the chemical components of the essential oil from stem bark of C. oblongifolius. The major components are monoterpenes and sesquiterpenes, which is consistent with the literature review [3] . Terpinen-4-ol is the dominant compound in C. oblongifolius stem bark essential oil; this has also been reported for some other Croton spp. [3e,6] . The essential oil of C. oblongifolius revealed higher antibacterial activity against P. acnes ATCC 6919 than tea tree oil that was used as a positive control. Tea tree oil is a well-known ingredient of anti-acne products that contain terpinen-4-ol as the major compound [5] . The antibacterial property of tea tree oil against P. acnes may be attributed to many compounds apart from terpinen-4-ol [7] . Our finding of the antibacterial activity against P. acnes ATCC 6919 of the essential oil extracted from C. oblongifolius may come from the synergistic effects of both major and minor constituents. Therefore, it is interesting to develop preparations of anti-acne products containing C. oblongifolius essential oil in the future. (8) 2015 Athikomkulchai et al.
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Experimental
Plant material: The stem bark of C. oblongifolius Roxb. was collected from a medicinal plant garden at Chulachomklao Royal Military Academy, Nakhon-nayok, Thailand in May 2010. The plant was identified by Chair Professor Nijsiri Ruangrungsi. A voucher specimen of this plant (SWU 3155) was deposited at the Faculty of Pharmacy, Srinakharinwirot University, Nakhon-nayok, Thailand. The essential oil was extracted by hydrodistillation with a Clevenger apparatus from small pieces of plant material. It was kept at 2-4°C until being used.
Gas chromatography-mass spectrometry (GC-MS):
The chemical analysis of the essential oil was made by GC-MS on a Finnigan Trace GC ultra (Thermo Electron Corporation, USA)/ DSQ Quadrupole mass spectrometer. A ZB-5 fused silica column linked to a methyl silicon capillary column (30 m. x 0.22 mm. i.d.; 0.25 M film thickness). Oven temperature programming was 50-250°C at 7°C/min. Injector temperature was 250°C. Sample volume injected was 1 L; split ratio was 1:100; and the carrier gas was He (2 mL/min). The MS were obtained from using an ionization energy of 70 eV. Compounds were identified (a) by comparing the Kovats gas chromatographic retention indices of the peaks on the HP-5MS column with Adam EO Mass spectra library; (b) by comparison of the fragmentation patterns of the mass spectra with those stored in the MS database and literature [8] .
Antibacterial activity against P. acnes: The assay was conducted on P. acnes ATCC 6919, USA. The test organisms were stored on Brain Heart Infusion Agar (BHIA). The inoculum of microorganisms was prepared from 72 h broth cultures grown in brain heart infusion broth (BHIB). The suspensions were adjusted to McFarland standard turbidity number 0.5 (0.048 M BaCl 2 0.5 mL and added to 0.18 M H 2 SO 4 99.5 mL). The essential oil was serially diluted. The initial concentration was the highest concentration of essential oil in the test solution. The 96-well plates were prepared by dispensing into each well 90 L of broth, 5 L of 2,3,5-triphenyltetrazolium chloride solution (Sigma Chemical) and 5 L of the inoculum. One hundred L of the highest concentration was added into the first wells. Then, 100 L from their serial dilutions was transferred into 4 consecutive wells. The final volume in each well was 200 L. The diluted solution was used as a negative control. Tea tree oil (Thai-China flavours and fragrances industry, Thailand) was used as a positive control. The plate was covered with a sterile plate sealer and mixed on a plate shaker at 200 rpm for 1 min. After that, the plate was incubated at 37°C for 72 h in anaerobic conditions for P. acnes. The first concentration that did not show any red color was the MIC value. The experiments were made in triplicate [9] .
